
GD/FW REPORT
FZK- 172
30 SEPTEMBER 1963

GIIIIIIIID

MEASUREDEFFECTSOFTHEVARIOUSCOMBINATIONS
OF_NUCLEARRADIATION,VACUUM,AND

CRYOTEMPERATURESON ENGINEERINGMATERIALS

QuarterlyProgressReport

I June 1963 through31 August 1963

E. E. KERLIN
E. T. SMITH

-i Prepared for
George C. Marshall Space Flight Center

Huntsville, Alabama

Contract No. NAS8-2450 (Mod. 3)

Request No: TP3-85130 (IF)

GENERAL DYNAMICS FORT WORTH



This report was prepared by General Dynamics/Fort Worth under

Contract NO o NAS8-2450_ Modification 3_ Measured Effects of

the Various Combinations of Nuclear Radiation_ Vacuum_ and, Cryo-

temperatures on En$ineerin$ Materials_ for the George Co Marshall

Space Flight Center of the National Aeronautics and Space

Administration° The work was administered under the technical

direction of the Propulsion and Vehicle Engineering Divisonj

Engineering Materials Branch of the George Co Marshall Space

Flight Center_ with Eugene Co McKannan acting as project

manager o



SUMMARY

This report covers the work performed during the third

quarter of operation under Modification 3 to NASA Contract

No. NAS8-2450o Brovisions of this modification are for the

continuation of a series of tests initiated under the orig-

inal contract to measure the effects of various combinations

of nuclear radiation, high vacuum, and cryotemperature on a

select group of nonmetallic spacecraft materials.

During this reporting period the work described below

was accomplished.

Radiation-Vacuum Tests

Data resulting from the static tests have been reduced

during this quarter and is presented in the Appendix of

this report° The results from the High-Force Tester and a

few static materials tests have not been completely evalu-

atedo Final results will be available by the end of the

quarter and',published at that time with a complete descrip-

tion of the test materi.alsj together with plots of the vacuum

and temperature data° The Bearing Tester has been checked

out and is scheduled for irradiation during the first week

of September° -

Rad ia tion-Cryotempe ra ture Tests
, !

A. considerable amount of test-specimen work and rework

was performed :durlng • this period° Fabrication, assembly, and

preliminary operational checkout of six thermal conductivity

testers was done, a.nd a 20-hour LN 2 irradiation test was made



in an attempt to demonstrate a feasible route to safe_ ex-

plosion-free irradiation tests which involve the boil-off

of large quantities of LN2o

Rad ia tion-Vacuum-Cryotempera ture Te st

Test specimens were prepared for all of the materials

scheduled for the Electrical Tester; complete checkout of

the tester has been completed at ambient and cryogenic tem-

peratures; final preparation has been completed for the ir-

radiation scheduled the first week, of September° The detail

design of the Mechanical Test has been completed_ and the

fabrication is approximately 40% complete° Test-material

selection is complete_ and sample fabrication has been

initiated o
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I. INTRODUCTION

Many of the component parts, of nuclear-powered spacecraft

will be exposed, during flight, to environments composed of the

various combinations of nuclear radiation, high vacuum, and cryo-

temperatures. The first known tests to measure the engineering

properties of nuclear radiation and high vacuum and of nuclear

radiation and cryotemperatures were conducted by the Nuclear

Aerospace Research Facility at General Dynamics/Fort Worth during

1962. Annual progress reports covering the work have been pub-

lished (Refso 1 and 2)o

The effort during 1963 (outlined and described in Modifica-

tion 3 to the original contract) is a continuation of that work

which was started last year and includes an additional phase of

work designed to demonstrate the effects on materials of the

triple environment of nuclear radiation, high vacuum, and cryo-

temperature. The work performed during the first and second

quarter of 1963 is described in previous quarterly progress

reports (Refso 3 and 4). The work performed during the third

quarter is reported in this document°

Material categories covered in tests performed during the

first year included adhesives, seals, thermal insulations,

electrical insulations, structural laminates, thermal-control

coatings, potting compounds, and lubricants° Representative

tests were those suitable for measuring lap-shear strength,

ultimate tensile strength, ultimate elongation, stress-strain

characteristics, weight loss, lubricity, compressive strength

and spectral reflectivity.

Ii



During the second year's work_ essentially the same tests

are being performed on a new group of materials selected from

the same material categories° Additional tests include the

measurement of thermal conductivity_ dissipation factor_ die-

lectric strength_ T-peel strength_ and potted-wire pull-out

strength° The thermal-control-coating test has been deleted.

12



Iio COMBINEDEFFECTS OF RADIATION AND VACUUM

This section of the experimental program is designed to

measure the combined effects of reactor radiation and vacuum

on selected engineering materials and to show the difference

between the effects of radiation in air and vacuum° The me-

chanical properties of materials were determined in air after

irradiation in air, and in vacuum and air after irradiation

in vacuum° The materials tested were from the following cat-

egories: adhesives_ laminatesj potting compounds_ electrical

insulations_ dielectric materials, thermal insulations_ sealsj

and lubricants°

This report covers the work performed during the third

quarter of operation in this contract year; however, the

data presented in this section and in the Appendix is the

result of the year's efforts° All but two of the irradiation

tests scheduled in this program were completed by the end of

this quarter° The remaining tests for the lubricants are

scheduled for irradiation during the first week of September

and the middle of October°

The results from irradiations of the High-Force Tester

and a few static materials tests are not given in this quar-

terlyj but they will be presented in the annual report to be

published in iate December° Also to be published at that time

are (1) a complete description of the test materials_ (2)

curvesof the vacuum pressure and temperature during irradi-

ation, and (3) test results_ together with special problems

encountered in obtaining these results°

13



2 oI _Equipment

2oloi Radiation Source

The radiation source used in these tests is the Ground

Test Reactor (GTR)o The GTR_ a highly enriched swimming-pool-

type nuclear reactor is positioned in a closet that is built

into the pool separator wallo The separator wall divides the

pool into a wet (reactor) and dry (irradiation cell) side°

With this arrangement_ three faces of the reactor are available

for irradiation testing in the dry side of the poolo A com-

plete description of the reactor is given in Reference 5o

2olo2 Vacuum Systems

Two vacuum systems designed by GDjFW and built by

Consolidated Vacuum Corporation were used for this experiment°

Both of the vacuum systems are identical in regard to pumping

characteristics and equipment_ and differ only in that one was

designed to be mounted in the space available on the east ir-

radiation position and the other on the west irradiation

position o

Figure 2oi is a photograph of one of the vacuum assem-

blieso It consists principally of (1) a nominal 30-inch-

diameter_ polished_ stainless-steel duct extending some i09

centerline inches from front face to pump throats and two

CVC PMC 4100 oil diffusion pumps backed by a Stokes 212 H

roughing pump° Each of the systems has a measured pumping

speed in excess of 3200 liters/second at I x I0 -6 torr at

the sample position° The ultimate pressure of the system is

Io2 x 10-7_. torro A complete description of the systems is

given in Reference Io

14
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2olo3 Test Equipment

The test materials which were exposed to the vacuum-

irradiation environment were evaluated by two test methods,

designated as static and dynamic tests° The static tests

were tests in which postirradiation testing was conducted

using an Instron tester in a standard laboratory environment.

In the dynamic tests_ the materials were irradiated and

tested in the vacuum chambers while the pressure in the

vacuum chamber was maintained at approximately 5 x 10 -7

torro Special testers built for the dynamic tests are the

High-Force Tester_ the Low-Force Testerj the Bearing Lubri-

cant Tester_ and two Dielectric Testers_ The Dielectric

Testers are discussed in Section 4o2_ and the Low-Force

Tester is discussed in Section 2°4° The operational prin-

ciples of the High-Force Tester and the Bearing Lubricant

Tester are discussed Sn Reference Io A complete description

of the operating techniques and principles of the Mechanical

Tester's ..:$,salso _iven in Reference..lo

2°2 Vacuum z__._dia-_±ons 'rests

To date_ under this year's program_ irradiation tests

have been conducted during two 1-week periods° The first

week of testing occurred in April_ the second in June°

During these irradiations_ static samples in vacuum were

subjected to the following nominal radiation exposures prior

to testing in air: 5 x I07_ I x i08_ 5 x 108 , i x I09,

5 x I09_ i x I0 I0 and 3 x I0 lO ergs/gm(C) gamma radiation

(_l_i.should be pointed out that in describing the level of

16



radiation exposures, only the nominal gamma radiation is

referred to and that each gamma dose is accompanied by its

respective neutron fluxo Where specific gamma doses are

referred to, the neutron flux will be described o) Dynamic

vacuum samples were exposed to nominal doses of I x lO 8 and

5 x I08 ergs/gm(C) gamma radiation in the Low-Force Tester

lO I0 010and to I x and 3 x 1 ergs/gm(C) in the High-Force

Tester° Static samples in air were subjected to nominal

doses of 5 x lO 7, i x I08, 5 x lO 8 1 x lO 9, 5 x I09
$

I x i0 I0, and 3 x I0 I0 ergs/gm(C) gamma radiation during

this period°

2o2ol Static Test Results

The results of the static tests which are complete at

this time are presented in the Appendix in Tables A-I through

A-7° Data for materials under the following categories are

presented: adhesives, structural laminates, potting compounds,

electrical insulation, dielectric materials, thermal insula-

tion and seals° Table 2°I lists the materials tested,

specimen configurations, measured properties_and test

procedures° Test techniques used in this test are the

same as the ones used and described in Reference l o

17
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2°2°2 Dynamic Test Results

Dynamic tests have been completed with the High-Force

and Low-Force Testers in the April and June vacuum irradia-

tionso Dynamic tests with the Bearing Tester are to be

performed during the vacuum irradiation scheduled for the

week of 4 September 1963o

Control experiments have been completed for the Bearing

Tester; however_ reduction of the data from control experi-

ments has not yet been completed° Furthermore_ data reduction

has not been completed for the high-force tests already per-

formed. The results of these tests will be reported in the

1963 annual report°-

In this report_ consequently_ it will be possible to

present the dynamic data obtained only in the low-force tests

of April and June 1963o The materials tested in the Low-Force

Tester are as follows: Buna N O_rings, Neoprene 0-rings,
!

Teflon TFE films_ CPR-20 compression buttons, CPR-I021 compres-

sion buttons, and KeI-F-81 flexure specimens° A complete

description of the test samples is given in Table 2o2° One

of the Buna N O-rings and the two KeI-F-81 flexure specimens

in Run I (April irradiation) did not pull properly in the test

and the resulting data was rejected° Data obtained from all

of the other specimens are reported° Stress-strain curves

for all materials tested in low-force-test Run I (24 April

1962) and Run II (4 June 1963) are given in Figures 2°2 through

2o12o Also presented in the plots is some of the data from

control and static samples tested in the Instron located at the

23



Irradiated MaterJais Laboratory. In addition, Tables 2°3 and

2.4 list the environmental conditions of the test and specific

property measurements obtained on these materials in the low-

force tests° The sample size used for Teflon TFE film was

one inch wide and 0o010 inch thick° The film is wound around

special jaws of the small split-spool type° These jaws have

proven satisfactory in all but one test;, namely, the io7 x 108

ergs/gm(C) irradiation° In this test the film broke at the

front edge of the spools; this breakage was attributed to the

overtightening of the preloading bolts. Portions of Figure 2.12

that show stress-strain for specimens I and 2 are considered

to be reliable, but the ultimate values are not considered to

give a true representation of the material° Specimen 3 was

found to be squeezed more than the other two samples - which

probably accounts for the shape of that curve° The specimens

for Run II all broke in the gage length and are considered

reliable

2o3 Test Plan

The Bearing Tester.is now ready and is scheduled to be

irradiated in vacuum during the week oi' 4 September 19d3o

Two of the Bearing Tester motors were damaged in the return

shipment from Miniature Precision Bearing Co oj so that it

will be possible to test only eight motors instead of ten°

In spite of the loss of two motors, all five types of lubri-

cants originally scheduled for testing will be tested. After

the vacuum irradiation test, new bearings containing the test

lubricants will be installed in the test motors for the air

irradiation in October°
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IIio COMBINED EFFECTS OF RADIATION AND CRYOTEMPERATURES

3ol Tensile-Specimen Preparation and Testing

All materials scheduled for testing under Modification 3

to the contract have been received at NARF from the sources of

supply° All tensile specimens were prepared according to the

original designs (Refo 3)_ and irradiated during the second

quarter of this year at the prescribed low and high doses in

an ambient-air environment and at the prescribed low dose while

submerged in LN2o Postirradiation tensile tests for specimens

from the ambient-air irradiation were then performed in the

Irradiated Materials Laboratory with an Instron test machine°

Postirradiation tensile tests for specimens irradiated while

submerged in LN 2 were performed before removal of the specimens

from LN2o This operation was accomplished with use of an

Instron machine_ the cryogenic experimental assembly (see Fig°

3oi in Refo 3)_ and an interconnecting hydraulic servosystem°

Data accumulated on some materials in the tensile tests

were good; on other materials data were questionable° Details

concerning these data are discussed in Reference 4o

As a result of improper breaks during these initial tests_

remaining specimens of materials D and Hj which were scheduled

for future testing at a high dose in LN 2 and at low and high

doses in LH2_were reduced in width in the narrow gage-length

section from one-half inch to one-quarter inch° This modifi-

cation was expected to result in a gage-length-section break

for all specimens°
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Such was not the case_ however° Modified specimens of

these two plastic materials_ when tested at -320°F, continued

to break both in the narrowed section and in the doubler

section. No plausible explanation for this phenomenon has

yet been found°

Teflon TFE was tested last year after irradiation in an

ambient-air environment_ but it was not tested in an LN2 or LH2

environment° Therefore_ as an alternative to the possibility

that no data will be generated _on materials D and H this year,

arrangements were made to test Teflon TFE again° Pull-rod

spaces in the experimental assembly and ambient-air irradiation

space were obtained. Specimens were fabricated according to

the original design for specimens made from Materials Do A

special etching process that resulted in a stronger bond between

the Teflon and the aluminum doublers was used on the Teflon°

The material will be tested after exposure to each of the nine

possible combination environments associated with zero, low, and

high doses of nuclear radiation and with ambi_t-air, LN2 and

LH2 temperatures° And_ of course_ tensile tests at the two

low temperatures will take place after irradiation while the

specimens are still submerged in the cryogen fluids, without

any intervening exposure to air°

T-peel specimens of Material 0 fell apart when submerged

in LN2° No tensile data -_......_ obtai_,eu a_"ter one low-dose LN2

run_ and the specimens will be excluded from future low-tem-

perature tests° The pull-rod space will. be used instead to

test Teflon specimens°
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3.2 Thermal-Conductivity Test Apparatu_ and Tests

The procedure for assembling the thermal conductivity

tester is, first, to mount the test heaters, heater leads,

Mycalex end pieces, thermocouples, and thermocouple leads

in final position within the outer copper container (see

Fig. 3.1). Following this, heater leads are carried out of

the unit through the core of the Mycalex cylinder; thermo-

couple leads, through the foaming space. The properly mixed

components of the test material are then poured into the

bottom of the container and allowed to foam to the top.

Thermal-conductivity values for foam-type insulating

materials are usually reported for minimum-density conditions.

This minimum density will result from foaming the material in

a container that is completely open in at least one direction.

If _he amoumt or ._._qul_i_s_._ is sufficient to free-foam a

volume greater than the volume of a container that is even

partially closed in all directions, then the final density

will be greater than the free-foam value.

Such was the case with Stafoam AA-402 as foamed in the

thermal conductivity tester. The top of the tester is, of

necessity, closed except for six drilled holes in the top

Mycalex end-piece, and the pre-foam liquid is injected into

the unit through one of these holes. It is virtually impos-

sible to inject the amount of liquid required to just fill

the unit with foam. Instead, an amount is used which results

in some foam being forced out of these holes at the top. This

not only makes certain that the unit is completely filled but,
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at the same time_ causes an increase in the density of the

foam over that which would result if the material were foamed

in a completely free space. The density of Stafoam AA-402.

foamed in a free space is about 2.00 lb/ft 3. The value in

the thermal conductivity tester was 3.59 lb/ft 3.

The manufacturer's published value for the thermal con-

ductivity of 2-1b-density Stafoam AA-402 (in units of Btu-in./

ft2-hr-°F) is 0.145 at 70°F and 0.130 at -80°Fo Values ob-

tained by Haskins and Hertz (Ref. 6) varied from 0o190 at 70°F

to Ool0 at -80°F to 0.075 at 320°F° (Some reasons for these

differences at identical temperatures are suggested by Haskins

and Hertz.) Preliminary values of 0o180 at 70°F_ 0°169 at

-94°Fj and 0o153 at -320°F were obtained with one of five

thermal conductivity testers which have_ so far_ been foamed

with Stafoam AA-402 at GD/FW. Calculated values were ob-

tained with use of generated test data and the equations

shown in the Appendix of Reference 3.

Problems were encountered with all four units after they

were foamed- problems that were amplified by the impossibility

of making changes or repairs within the unit after the foam

was in place. In the first tester_ an open circuit that

developed in one of the guard heaters after the foaming oper-

ation rendered the unit useless for thermal conductivity meas-

urements. The unit was then sawed in halfj longitudinally, to

permit a check of the internal structure of the foam (see Fig.

3.2). Cellular structure and adherence of the foam to the

container and other internal components were found to be both

very good.
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After completion of. the foaming operation_ open circuits

were found in five of the twelve thermocouples in the second

tester° Preliminary checkout measurements of thermal con-

ductivity were made, but the data were considered to be unre-

liable° The third unit was assembled and foamed successfully,

and preliminary data (as reported above) seemed reliable°

Attempts to reproduce _these measured values at the three tem-

peratures were_ however, unsuccessful° The data varied widely_

and current evidence indicates that leaks developed in the

epoxy used to seal the top and bottom copper caps°

Furthermore, some thermocouples were lost. during the

second test run. Accumulated evidence suggested that successive
/

thermal flexing of the foam within the tester was breaking the

3-mil thermocouple leads° A different epoxy was used in the

fourth unit_ but leaks and thermoCouple open circuits continued

to occur° The fifth unit was foamed with CPR i021 instead of

Stafoam AA-402o In addition_ a new sealing compound was used

for the top and bottom caps_ and 10-mil thermocouple lead wire

was used.

At this point in time_ the next LN 2 irradiation run was

scheduled to start_ so that checkout work on these units had to

cease in favor of shift work in the reactor area° Thus_ completion

of thermal-conductivity tester checkout work and irradiation

tests were postponed until a later date°
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3°3 Operational Checkout Test for Liquid-Nitrogen Dewar

3o3oi Purpose

The main purpose for this test was to demonstrate the pos-

sibility of conducting safe, explosion-free tests which involve

the irradiation of dewars containing large amounts of boiling

liquid nitrogen, wherein the amount of liquid nitrogen that is

boiled off during the test approaches hundreds or even thousands

of gallons° The test was instigated at NARF as a result of the

occurrence of several small detonations in LN 2 dewars during

past irradiation tests at the facility°

3.3o2 Technical Considerations

Evidence has pointed out the fact that liquid-oxygen (LOX)

impurities exist in commercially supplied liquid nitrogen (LN2)

in a concentration of up to 0°2 percent° Also, it is known that

LOX, with a boiling point of 90°K, will, when mixed with boiling

LN 2 at 77o4°K, remain in the liquid state° Therefore, it can be

calculated that when from one to two thousand gallons of commercial

LN 2 are boiled off in a large dewar_ L0X in amounts approaching

several gallons cou±d be accumulated°

Two additional facts dovetail into the overall picture°

First, molecular oxygen, under the influence of nuclear .radia-

tion, transforms into ozone° Whatever the mechanism is for

the overall ozone yield, radiation initially produces ions,

atoms, and excited molecules, in the oxygen° These species may

be produced by reactions such as the following:

02-_v_ _ 0"_ + e- (1)

02 -_ 02 or 0 + 0-
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* (3)02_0 + = 0 = e- or 0+ + O-

02-_02 or 0 + O.

Ozone may then be formed by many reactions, some of the more

important of ,which are

0+_ + 02 --0 3 + 0

02 + 02

O..X-
--D 02 + + 0

O* O*
.-,'_ 02 + +

0 + 02 + M-_03 + M

02 + 02 _ 03 + O o

Second, this radiation-produced ozone will then, under

the influence of organic or other types of sensitizers and of

catalysts (M), dissociate into molecular and atomic oxygen

according to such reactions as

03 + M _02 + O+ M

0 + 03 _ 2 02°

(5)

These dissociation reactions are highly exothermic and may,

under proper conditions of confinement, be explosive°

A vivid enactment of this chain of events is believed to

have taken place during a SNPO irradiation at GD/FW during the

third week of May 1963o A dewar of 20-gallon capacity was

filled with LN 2 and irradiated at various reactor power levels

(6)

(7)

(s)

(9)
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for a period of 16 hours° During this time. the LN2 was boiling

out of the dewar at a rate of from 20 to 40 gallons per hours,

with the loss being continuously made up from an outside supply

tank° The reported purity of LN2 in the supply tank was 99.8

percent with the remaining 0°2 percent being mostly LOXo

At the end of the irradiation run_ the dewar was positioned

on the horizontal track of the escalator system and the LN2 supply

shut off° Approximately four hours later (this period of time

being just about sufficient to boil off a subcooled dewar of LN2)

several loud detonations occurred in the dewar, and several wit-

nesses noticed a distinct odor of ozone in the area°

On the basis of calculated (and measured) LN2 boil-off

rates during irradiation tests of existing dewars_ it has been

determined that anywhere from 1,000 to 3_000 gallons of LN2

will be consumed in a 50-hour test° From this it can therefore

be assumed that use of LN2 with a purity of 99°8 percent or less

in these dewars could result in ozone explosions during irradia-

tion tests° On the other hand_ it can also be assumed that if

LN2 with a guaranteed LOX content of less than 20 ppm is used,

any ozone formed will be in insufficient quantities to produce

detectable detonations° This test was an attempt to establish

a high degree of reliability for the latter assumption°

3.3o3 Test Description

The test was conducted at NARF_ using the GTR and the

modified NASA dewars that were built at GD/FW under NASA

Contract NAS8-2450o The dewar (Fig° 3°3) is a four-walled_

all-aluminum, vessel which was modified from the original
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design to utilize_ now_ a double-reverse path for evaporated

cryogen to act as thermal insulation for the central cryogen

chamber° The outermost chamber contains the original Refrasil

thermal insulation material°

The test consisted of irradiating the dewar for a 13-hour

period_ during which approximately 400 gallons of LN 2 (with a

tested LOX content of less than 20 ppm) was boiled away in the

cryogen chamber° During the run_ temperature of the bottom of

the cryogen chamber was monitored to detect any change from that

of LN2_ since a different temperature is probably indicative

of the presence of a significant amount of L0X or ozone°

At the end of the irradiation period_ with the chamber

still filled_ a one-gallon sample of the contents of the bottom

of the chamber was retrieved and allowed to boil away in a

restricted area to check on the possible presence of L0X or

ozone o

3o3o4 Experimental Equipment

The dewar as shown in Figure 3°3 was used° It was fastened

to the underside of a standard NASA tensile assembly that served

as a top cover for the cryogen chamber° The dewar contained

4000 cc of lead to provide an added source of gamma heating

and thus increase the LN 2 boil-off rate° A 500-gallon portable

LN 2 supply .tank was used with an Armaflex-insulated_ i/2-inch

soft-ocopper supply lineo Temperature in the bottom of the

cryogen chamber was monitored with a Brown recorder and a

copper-constantan thermocoupleo A !iqu'[d-level probe was at-

tached to the underside of the dewar mounting plate° A pres-

sure relief valve was mounted on the mating flange of the upper
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tensile assembly and served to relieve any pressure in the cry-

ogen chamber in excess of 7-1/2 psi° Helium_ under low pressure,

was fed into the dewar during the run from a He bottle and

regulator o

Evaporated cryogen was bled out of the dewar through a

one-inch gate valve° A cylinder of helium gas was used with

a pressure regulator to purge the entire system prior to

initiation of LN2 flowo Sampling of the liquid in the bottom

of the cryogen chamber at the end of the run was accomplished

by pressurizing the dewar to 7 psi and forcing LN2 back out

the supply line and into a one-gallon open dewar°

3°3o5 Test Procedure and Results

The dewar, with attached tensile assembly, was positioned

in the support framework, which then was attached to an

escalator pallet on the horizontal tracks just north of the
..

handling area in the reactor test area° Helium gas was then

applied to the Refrasil packing in the dewar under 5 psi for

a one-hour period° This thoroughly permeated the Refrasil

fibers with helium° Thermocouple harness_ liquid-level harness,

LN 2 supply line_ helium supply line, evaporated cryogen outlet

line_ and pressure relief valve were attached to the proper

connections on the dewar cover plate° The entire assembly

was then lowered into irradiation position°

With the LN 2 supply line disconnected at the supply tank_

the entire system was purged with helium gas through a connec-

tion on top of the dewar° The helium supply was then shut off,

the gate valve on the end of the evaporated-cryogen outlet

opened wide_ the LN 2 supply line connected to the tank, and

51



LN2 flow started. The dewar filling operation proceeded nor-

mally and, wi_en the liquid level reached the top resistor on

the liquid-level probe, LN2 flow was reduced to match the boil-

off rate. The reactor was then started, brought to a 3-Mw

power level, and operated for a 13-hour period° Boil-off rate

during the test varied from a maximum of 35 gallons per hour

at the beginning of the test, before the dewar had subcooled,

to a minimum rate of 18 gallons per hour. The average rate

was 20 gallons per hour. This was with the dewar located on

the west irradiation pallet, with the reactor operating at 3-Mw

and with 4000 cc of lead in the cryogen chamber°

After completion of the run, the reactor was retracted,

the LN2 supply shut off, and the assembly raised from irradia-

tion position to the top edge of the pool. The LN2 supply line

was then disconnected from the supply tank and diverted to the

open one-gallon dewar. The valve on the end of the evaporated-

cryogen outlet line was slowly closed and pressure inside the

dewar monitored with the pressure transducer° Pressure in the

system rose gradually as a result of cryogen boil-off in the

dewar and leveled-off at 7 psi° This pressure then forced LN2

out of the dewar and back through the LN2 supply line. The

supply line had warmed up in an interim period and most of the

contents of the dewar flashed to gas before reaching the small

open specimen-dewaro Liquid flow from the line began eventually,

however, and a one-gallon specimen was obtained. During the ini-

tial flow of gas, a mild odor of ozone was detected, but it had

disappeared by the time liquid was collected°
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This liquid specimen was allowed to boil away and was

observed during the boil-off period by personnel wearing

protective clothing and face shields. During boil-off, the

remaining liquid gradually turned dark blue in color - which

could have implied the presence of ozone. No odor of ozone

was detected_ however_ and no detonations occurred.

Nothing unusual was noticed by instrumentation for the

test dewar during the 13-hour irradiation period_ and no

explosions were heard° No pressure or temperature changes

were recorded and boil-off rates were normal. After comple-

tion of the purging operation at the end of the test, the

dewar was opened and examined° Neither changes in the struc-

ture nor any other evidence of detonations were found.

Figure 3.4 is a flow diagram for the test equipment.

3.4 Future Ope_rational Procedures for NASA Dewars

3.4.1 Structural Modifications

To comply with planned operational procedures_ two

structural modifications to the dewars were necessary.

These were (1) installation of a 1-inch drain line from the

inside bottom of the cryogen chamber_ through the four walls

of the structure_ to the outside_ and (2) reinforcement of

the third wall out from the center of the dewar with 1/4-

inch-thick aluminum plate on all four sides and bottom.

The drain line is installed flush with the location of

the cryogen chamber to permit complete drainage of any liquid

in the chamber. A two-way solenoid valve is installed at the

outlet of this line. The I/4-inch-thick plates are welded to

the existing third wall out from the center of the dewar and
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are_ in addition_ welded, plate-to-plate, at the edges° The

next-to-outer chamber of the Odewar (Fig° 3°3) was pressure-

checked to 20 psi°

3°4°2 Operational Procedures

Future irradiation tests at NARF which involve the

evaporation of large quantities of LN 2 will, according to

present plansj utilize the NASA dewars as shown in Figure

3°3 except with modifications as described above. Standard

procedure during operation will include use of a liquid-level

sensor_ a pressure transducer to monitor dewar pressure con-

tinuously_ a pressure relief valve_ a .continuous helium purge

in the cryogen chamber_ and continuous temperature measurement.

A preirradiation purge of the Refrasil insulation in the outer

chamber_.w-ill also be made.

The results of the test described in Section 3.3 go far

toward establishing an explosion-free reliability for liquid-

nitrogen irradiation tests that use o_ly ultra-pure (20. ppm

or less) LN2o Modification to the dewar as described above

makes possible the use of an added safety feature. Instead

of merely boiling off the LN 2 in the dewar_ the contents of

the cryogen chamber can now be purged by either of two methods.

First_ the solenoid valve in the end of the 1-inch drain line

at the bottom of the cryogen chamber can be opened remotely

and the contents drained out by gravity flowo Second_ the

pressure relief valve can be set at 15 psi_ the evaporated cry-

ogen outline line valved off_ the solenoid valve closed_ the

LN 2 supply line unhooked at the supply tank, and helium pressure
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applied through the purge line to force liquid back out

the LN2 supply lineo This purging operation could take

place_ say, every eight hours during an irradiation run

to eliminate any possibility of an increase in L0X or ozone

concentration,
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IV. COMBINEDEFFECTS OF RADIATION,
VACUUM,AND CRYOTEMPERATURES

p_

A program has been initiated to evaluate the combined

effects of radiation, vacuum, and cryotemperature on selected

engineering materials° The determination of the required

properties will be made after irradiation while the materials

are maintained in the high-vacuum and cryotemperature envi-

ronmento Two specially built testers will be used to perform

these tests: an Electrical Tester to measure dielectric

strength and dissipation factor, and a Mechanical Tester to

measure stress-strain properties°

During this quarter the following major items have been

completed for the Electrical Tester: (I) fabrication and

leak-testing, (2) material selection and sample preparation,

(3) control testing, (4) final preparation for the irradiation

test° Also completed during this quarter, was the design of

the Mechanical Tester, on which fabrication is approximately

40_ complete.

4oi Test-Material Selection
?

The materials selected for testing in the two dynamic

testers are given in Table 4°Io The selection was based on

the results from the vacuum-radiation tests and the cryotem-

peratures-radiation tests presented in the two-volume annual

report (Refso l, 2) and from the tests performed during April

and June° Another consideration given to the selection of

the test materials is the use of these materials in current

missiles and their probable use in future missiles.
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Table 4.1

Materials for Vacuum-Cryogenic-Irradiation Experiment

Dynamics Tester

" Electrical Tester

Mechanical Tester

..................................... l ............................

Category Chemical Class Trade Name .

Dielectric Fluorcethylen i f o

material

Electrical

insulation

Potting

compound

Dielectric

material

Polyvinyl
chloride

Epoxy resin
Silicone

Fluoroethylene

Polyimide

Polyester

Polyvinyl
chloride

Estane 5740

Epon 828/z
RTV-501

Teflon TFE

SP Plastic

P-43

Estane 5740Electrical

insulation

4°2 Test Equipment

The two cryogenic dyna,mic testers are designed to fit

into the access opening of the Vacuum Irradiation Chambers

(Fig° 2ol)o One of the two vacuum chambers has been modi-

fied to provide safe., operation in an explosive atmosphere

to qualify for use with liquid-hydrogen cryogen° The standard

motor, transformer_ electrical contactor, and relays used

with the original system that would contribute to an elec-

trical spark have been removed and/or replaced. Also, all

of the electrical lines and connectors have been enclosed

with special conduit°

The Electrical T_ster was designed and constructed by

NASA at the George Co Marshall Space Flight Center under
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the direction of Ro Lo Gause. Shown in Figure 4.1 are the

major component parts of the tester. The cryogen enters

through the vacuum system top plate and is contained in a

shroud, which is a hollow cylinder one inch wide and 24

inches high° As can be seen from Figure 4ol, the shroud is

attached to a top plate of the vacuum system and the test

cells are attached to stainless-steel plates that are sup-

ported by a separate frame. For irradiation testing, the

test cells and frame are inserted as a unit in the center

of the hollow shroud and bolted in place. In this manner

the gamma heat is transferred by radiant and conductive

heat-transfer modes, since the test cells are not submerged

in the cryogen.

Figure 4.2 shows the details of the test cells. These

cells are designed in accordance with ASTM-D-150-54T (_A.Co

Capacitance, Dielectric Constant, and Loss Characteristics

of Electrical Insulation Material" )o

Operational checkout of the Electrical Tester was

completed by NASA in late June° The control test at GD/FW

was conducted with liquid nitrogen as the coolant. The unit

was then prepared for the irradiation exposure scheduled for

the first part of September°

The final design of the Mechanical Tester, completed

in July, is shown in Figure 4.3. Fabrication, now approxi-

mately 40_iocomplete is scheduled for completion by October I.

The tester was designed so that it would be closed enough

to provide for the best heat-transfer possible from the

samples and yet be open enough to allow easy access to
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install samples and to allow adequate vacuum pumping° Since

the test is being done in a vacuum_ it is not possible to have

the samples in contact with the cryogen; therefore, the sample

must be cooled by radiant and conductive heat-transfer modes

from the cryogen container.

In addition_ the tester must be rigid enough to with-

stand a 5000-1b load with a minimum of flexure° This require-

ment necessitates the use of a.considerable amount of struc-

tural material, and the nuclear-reactor-radiation-.-induced

heating rate for steel of 0°35 watts/cc per Mw of reactor

power (Refo 7) will cause a considerable amount of heat to

be generated in the tester that must be removed by the cryogen.

The final design of the tester provides for the cryogen

to enter a top plate of the vacuum system and be conducted

through a coil of tubing surrounding the samples before en-

tering the bottom of a 6-inch ID tube° Sample pull rods are

geometrically located around the 6-inch ID tube but inside

of the coil of tubing° The bottom of the samples are attached

with a clevis to the 6-inch ID tube° This tube is the main

structural part of the tester° In this manner_ the cryogen

is in direct contact with the main mass of the tester, where

the most gamma heating will be received° Since the main

structure is cooled directly and the test samples are fastened

to this structure through short clevises, the test samples

should remain near the temperatures of the cryogen.
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4o3 Test Plan

The test plan for the electrical tests includes three

irradiations: one in air at ambient condition, one in vacuum

and using liquid nitrogen as the cryogen, and one in vacuum

using liquid hydrogen as the cryogen. The control test using

liquid nitrogen was made during July; however_ the data will

be presented when all tests have been completed. The irradia-

tion at liquid-nitrogen temperature and ambient temperature

are scheduled for the first week of September; the liquid-

hydrogen test, for the middle of October.

One irradiation is scheduled for the Mechanical Tester

using liquid hydrogen as the cryogen. This test is scheduled

for the middle of October.
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APPENDIX

TABULATION OF DATA FOR MATERIALS

IRRADIATED STATICALLY IN VACUUM

AND AIR ENVIRONMENT
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